We have refined the crystal structure of winstanleyite from the type locality, the Grand Central mine, Tombstone, Arizona, in space group I2 1 /a3 to a final R index of 2.03%. Unit-cell parameters of the crystal examined are: a 10.965(1) Å, V 1318.3(2) Å 3 , Z = 8. The structure previously reported for the synthetic analogue was confirmed, although a higher precision of refinement was achieved. The crystal-chemical environment of both Ti and Te cations is considered in relation with that in other tellurite structures.
INTRODUCTION
The compound TiTe 3 O 8 was first synthesized by , who solved the crystal structure in the space group I2 1 /a3, using three-dimensional photographic X-ray data (R = 5.4% for 238 observed reflections). Some years later, Williams (1979) found the natural analogue of the synthetic TiTe 3 O 8 at the Grand Central mine, Tombstone, Arizona. The mineral, named winstanleyite, was recovered in fragments of a granodiorite dike, associated with jarosite, chlorargyrite and rodalquilarite. By means of a powder X-ray investigation, Williams (1979) showed winstanleyite to be cubic, a 10.963 Å, with space group I2 1 /a3. More recently, Back et al. (1999) , and classified the mineral as the Fe 3+ analogue of winstanleyite.
Owing to the scarcity of suitable crystals for a full structural study and to the presence of complex intergrowths with opal, Williams (1979) was not able to proceed to a crystal-structure refinement of the natural material. In this paper, we report the refinement of the crystal structure of natural winstanleyite from the type locality.
EXPERIMENTAL METHODS AND STRUCTURE REFINEMENT
Several crystals of winstanleyite (Fig. 1) , taken from a micromount preserved at the Museo di Storia Naturale, Università degli Studi di Firenze, catalogue number 44757/G, were checked by Weissenberg and precession film techniques. An analysis of extinction of the structure. Using a weighting scheme w = k/ 2 (F o ), the structure refinement converged to a final R = 2.03% for 370 reflections with F o > 4(F o ), and R = 2.05% for all 388 independent reflections. Inspection of the difference-Fourier map revealed maximum positive and negative peaks of 0.93 e -/Å 3 and -0.79 e -/Å 3 , respectively. Experimental details of the data collection are reported in Table 1 . Fractional coordinates and anisotropic displacement parameters of the atoms are given in Table 2 . A list of the observed and calculated structure-factors is available from the Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
CHEMICAL COMPOSITION
Owing to the brittleness of the mineral, it was not possible to obtain polished surfaces for crystals embedded in resin; in addition, the small amount of material available precluded standard electron-microprobe analyses. Therefore, semiquantitative analyses were carried out by means of an EDAX energy-dispersion system.
The same crystal used for the structural study was analyzed by means of a Philips SEM515 at 25 kV accelerating voltage and with a spot size of 100 nm. The crystal was found to be homogeneous within analytical error. The average chemical composition (eight analyses on different spots), together with ranges of wt. % of oxides, is reported in Table 3 . On the basis of eight atoms of oxygen, the formula of the winstanleyite studied here is (Ti 0.96 Fe 3+ 0.04 )Te 3.00 O 8 . It shows a low iron conconditions on X-ray precession photographs indicated winstanleyite to be cubic, with space group I2 1 /a3 (space group #206). This finding is in agreement with that previously determined by for the synthetic TiTe 3 O 8 .
A single crystal of winstanleyite of high diffractionquality was selected for the structural study. We determined the unit-cell dimension a to be 10.965(1) Å by least-squares refinement of the setting angles of 25 reflections (18° < MoK␣ < 25°).
The data collection was performed with a Nonius Mach-3 single-crystal diffractometer with MoK␣ radiation monochromatized by a flat graphite crystal. The intensities of 786 reflections were reduced for Lorentz and polarization effects and subsequently corrected for absorption following the semi-empirical method of North et al. (1968) . The structure refinement was performed in the space group I2 1 /a3, starting from the atom coordinates of the synthetic TiTe 3 O 8 , using the program SHELXL-93 (Sheldrick 1993 
RESULTS
In addition to a much higher precision of the refinement, this structural study showed winstanleyite to have a structure topologically identical to that of the synthetic compound TiTe 3 O 8 . This result is not surprising, since the chemical composition of the sample studied here approaches closely that of the synthetic end-member.
As outlined by , the structure of winstanleyite can be described as of the fluorite type, with a face-centered cubic array of cations in the subcell (Fig. 2) . Both Ti and Te cations show a six-fold coordination, but major differences in the distribution of the oxygen atoms forming the polyhedra can be noted. The [TiO 6 ] octahedron is quite regular, whereas the [TeO 6 ] polyhedron shows four shorter Te-O bonds of average length 1.990 Å, and two long bonds of 2.915 Å on the opposite side (Fig. 3) . This one-sided coordination is characteristic of Te 4+ with a stereoactive nonbonding lone pair of electrons (Andersson et al. 1973 , Brown 1974 ) and consequently is a common feature of several tellurite structures [walfordite (Back et al. 1999) , denningite (Walitzi 1965) , mackayite (Pertlik & Gieren 1977) , sonoraite (Donnay et al. 1970) , spiroffite (Cooper & Hawthorne 1996) , and teineite (Effenberger 1977) ].
In Table 4 , we report the bond distances and angles in the structure of winstanleyite. The Ti-O bond distances (1.955 Å) is identical to the value observed by Leciejewicz (1961) , and 1.880-2.904 Å in walfordite: Back et al. (1999) ].
The bond-valence sums for the various atomic sites based on the constants of Brese & O'Keeffe (1991) are reported in Table 5 .
In Table 6 , we compare the X-ray powder pattern originally observed for the type material (Williams 1979) with that calculated using the structural parameters obtained in this study. Calculated and observed data are in good agreement, although several intense lines at high 2 (Williams 1979) do not correspond with those calculated in this study. This feature is probably due to the slight differences in chemical composition between the two samples. 
